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Repository Disposal Fee Estimates for the Hanford Tank Waste Remediation System
(TWRS) Environmental Impact Statement (EIS) .

Jackson Kinzer, Assistant Manager
Office of Tank Waste Remediation System

The Office of Civilian Radioactive Waste Management is pleased to transmit the information to
address your request for disposal fee estimates to support the development of the Hanford
TWRS EIS. This responds to your June 7, 1996, request for more rigorous cost estimates
based on application of our Total System Life Cycle Cost (TSLCC) methodology. We have
completed an analysis for the following four alternative scenarios and compared them against
the 1995 TSLCC baseline: » ’

L. Use of 23,000 “standard” canisters for the most probable quantity (14,260 m’) of .
immobilized HLW for the reference “gnhanced sludge wash” process.

2. Use of 12,200 “long™ 0.61m D x 4.5m L canisters for the most probable quannty of
Hanford HLW, :

(93]

Use of 530 “long” canisters for 620 m® of HLW resulting from the “extensive
_ separations” pretreatment process.

4, Use of 36,400 “very large” 1.68m D x 5.03m L canisters for 364,000 m® of HLW
produced without any pretreatment. -

Resuits of the analysis, including key assumptions, significant cost drivers, and limitations on the .
cost calculations, are provided in the attachment entitled “Cost Estimate Report on Disposal
Costs for Tank Waste Remediation System Alternatives™. It must be pointed out that the results
presented are consistent with the assumptions documented in the 1995 TSLCC. In this regard,
scenario 4 is so significantly outside the range of these assumptions that there may be other
implications, beyond the large cost increase projected for disposal, which could affect our ability
to license a repository or implement emplacement within the currently envisioned disposal

system.
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We appreciate the opportunity to assist you in the completaon of the Hanford TWRS Final EIS.
Please feel free to contact James Carlson of my'staff at (202) 586-3321, if you have any
questions regarding the report.
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1. SUMMARY

This analysis was performed at the request of the Department of Energy Richland Operations
Office to support analysis of alternatives for the TWRS as part of the development of the TWRS
Environmental Impact Statement (reference 1, see Appendix A). Estimates of disposal costs were
developed for four alternatives for the Hanford Tank Waste Remediation System (TWRS).
Estimates of the total defense share of disposal costs were generated using a consistent
methodology, as used by the Civilian Radioactive Waste Management Program in development of
the Analysis of the Total System Life Cycle Cost of the Civilian Radioactive Waste Management
Program of September 1995 (95 TSLCC) (reference 2). Technical feasibility and the
environmental effects of disposal are not within the scope of this study and are not addressed.
Costs are presented in constant 1994 dollars to maintain consistency with the 95 TSLCC.

The 95 TSLCC base case and TWRS alternatives analyzed in this study are summarized in Table
1-1. The TSLCC assumed 9,860 standard canisters from Hanford would be disposed of in the
repository, Scenario 1 would require disposal of 23,000 standard canisters from Hanford.
Scenario 2 is based on the same volume of glass as Scenario 1, disposed of as 12,200 “long
canisters” (4.5 meters in length versus 3.0 meters for the standard canisters). Scenario 3 assumes
extensive separations resulting in less glass volume, to be disposed of as only 530 long canisters.
Scenario 4 assumes 36,400 very large 10 cubic meter canisters are used to dispose of the very
large volumes of vitrified waste which could result from a “no pretreatment” TWRS alternative.

Summary results are presented in Table 1-1. Each of four Hanford TWRS alternative scenarios -
are compared against the baseline assumed for the 95 TSLCC. Total Disposal Cost for the 93
TSLCC base case is $533.1 billion in constant 1994 dollars (943s). The first three alternatives
would result in a small variation in Total Disposal System Costs. Scenario 3 would save §0.5
billion (943s) or 1.4 percent. Scenario 2 would increase Total Disposal System Costs by $1.4
billion (943s) or 4.2 percent, and Scenario 1 would increase costs by $2.0 billion (943s) or 6.0
percent., Scenario 4 would double the Total System Disposal Cost to over 366 billion (943s) or
100 percent. B

Scenario 1 has been identified by the TWRS program as the most likely current estimate of

. borosilicate glass canisters to be produced. Scenario 1 poses the disadvantage, from a disposal

standpoint, of utilizing most available space between Spent Nuclear Fuel (SNF) waste packages.
This could limit growth capacity to accept other wastes being considered for disposal, such as
DOQE SNF.

Scenario 4 is not a preferred alternative from a disposal standpoint. Scenario 4 would not only
double the Total Sysiem Disposal Cost to over $66 billion (943s), it would require approximately
35 additional years of geologic emplacement and extension of the planned disposal program



Table 1-1 Repository Disposal Cost Evaluation Matrix
Canister Size | Pretreatment | Volume of Number of Total No. of } Total Allocated
(ODxL) Process Glass, m’ Ianford DLW Disposal Defense
Canister Canisters Cost (948s) | Share (943s)
Base Case 0.61mx 3.0m | Enhanced 6,100 9,860 18,046 ° $£33.1B $6.438
(RW-0479) Sludge Wash "
Scenario #1 | 0.61m x3.0m | Enhanced 14,260 23,000 31,186 $35.1B $10.38
(most Studge Wash
probable
volume)
Scenario #2 0.61mx Enhanced 14,260 12,200 20,386 $34.5B $8.6B
(long 4.50m Sludge Wash.
eanister) ' .-
Scenario #3 [ 0.61lmx Extensive 620 530 8,716 $32.6B
(minimum 4.50m Separations
volume)
Scenario #4 | 1.68mx - No 364,000 36,400 44,586 $66.213?
(very large 5.03m Pretreatment -
canister)

1 Share methodology understates defense share of unassigned costs due to extremely low piece counts. Actual share will be higher,
2 Scenario significantly in excess of reposuory planning basis. Requires assumptions which i increase uncertainty of eslumte Scenario
outside mcthodology validity for piece counts and dlsproportlonal waste package size.




completion from an assumed decommissioning in 2071 to 2102, Further, it would require
characterization of additional area, suitability determination of the area, and asSociated licensing
of a Hanford only section of the repository. A substantial portion of the Hanford wastes would
require emplacement in the additional areas in a low thermal setting, following emplacement of
some Hanford and all other HLW with all the available SNF in a high thermal setting in the
primary area of the repository. This is in contrast to the 95 TSLCC assumption of emplacement
of all HLW with SNF in the primary area in a high thermal loading setting. Excess quantities of
Hanford HLW may exceed available areas in the repository. Disposition of remaining HLW
would not be decided until DOE makes a recommendation on the need for a second repository.

The last column in'Table 1-1 shows an estimate of the total defense share of each alternative.
Estimates range from a reduction of $2.5 billion for Scenario 3 to an increase of $43 billion for
Scenario 4. Estimates of defense share in Table 1-1 do not represent firm estimates of the full
cost recovery for disposal of defense high level waste. The cost sharing allocation methodology
was developed for a point estimate and design. Extreme case variations such as Scenario 3 and 4
fall outside the validity of the computational method. Differences between the cases appear to be
exaggerated by the defense share allocation methodology bias.



2. SCOPE

This analysis was performed at the request of the Department of Energy Richland Operations
Office to support analysis of alternatives for the TWRS as part of the development of the TWRS
Environmental Impact Statement. The analysis was developed under an accelerated schedule, and
of necessity provides scoping level detail, scaled from the detailed point estimate reported irf the
95 TSLCC. It provides life cycle cost estimates for four alternative scenarios for disposal of
vitrified high level waste (HLW) from Hanford. Scenarios vary HLW quantities and package
sizes from the 95 TSLCC estimate basis. The scenarios and approach are described in Section 3.
The analysis includes estimates for two new HLW waste packages, two new transportation casks,
and estimates of changes to repository surfac\. facilities, subsurface impacts, transportation, and
other program costs.

Estimates of the total defense share, based on application of the 1987 Federal Register
methodology, are provided in Section 4. Two cases, Scenarios 3 and 4, depart significantly from
the base case. For these scenarios, quantitative estimates are provided, with qualitative discussion
of impacts and limits of the analysis. Analyses are based on and consistent with the 1995 TSLCC.

A Hanford Multi-Purpose Canister (HMPC) is being considered by DOE for on-site storage at
Hanford, followed by transporzation to and disposal in a repository. An HMPC would be an
overpack canister 4.63 meters in length by 1.61 meters outside diameter, sized to contain four of
the long Hanford canisters of vitrified HLW such as those assumed for Scenarios 2 and 3 in this
analysis. For transportation, each HMPC would be placed in a transportation overpack for
shipment. At the repository, the unopened HIMPC would be transferred to a disposal overpack,
which, combined with the HMPC and its contents would comprise a four canister waste package.
Tt is assumed. that the FVIPC would be licensed for storage, transportation, and disposal. The 95
~ TSLCC was not based on use of the HMPC. A qualitative discussion of the impacts of possxble
use of an HMPC is includad.



3. APPROACH
3.1 TSLCC BASELINE

The 95 TSLCC forms the baseline for comparison of disposal costs for alternatives, and for
estimation of the defense share for each alternative. The TSLCC assumes 9,860 standard
canisters of HLW from Hanford are disposed of with 8,186 canisters of HLW from other DOE
sites and the West Valley Demonstration Project, comingled with waste packages containing
approximately 84,000 metric tons of Uranium (MTU) of commercial spent nuclear fuel (SNF).
The 95 TSLCC does not include other wastes being considered for inclusion in the Civilian
Radioactive Waste Management System (CRWMS) such as DOE SNF. The 95 TSLCC assumes
disposal in a single repository, with the Yucca Mountain site in Nevada serving as a surrogate to
allow estimation of total system life cycle costs. The Nuclear Waste Policy Act as Amended
(NWPAA) (reference 3) establishes a 70,000 Metric Tons of Heavy Metal (MTHM) limit.on 2
first repository, tied to opening of a second repository, and also specifies that the need fora
second repository will be assessed between 2007 and 2010. This analysis assumes disposal in 2
single repository, consistent with the 95 TSLCC assumptions. Design concepts in the 95 TSLCC
assume empiacement of waste packages, containing four HLW canisters each, in the spaces
between SNF waste packages, in a spacial arrangement with 2 high thermal load. The 95 TSLCC
assumptions were held constant, except as required for the scenarios. Costs reported in this
analysis are reported in constant 1994 dollars to maintain consistency with the 95 TSLCC.

The 95 TSLCC baseline assumed use of Multi-Purpose Canisters (MPCs) for disposal of
commercial SNF. HLW is assumed to be disposed of in waste packages containing four standard
canisters each., Current Civilian Radioactive Waste Management System (CRWMS) planning
does not assume MPCs for SNF and the TWRS program is planning use of HMPCs for HLW,
This analysis maintains MPCs for SNF disposal, and shipment and disposal of individual HLW
canisters in waste packages to maintain consistency with the 95 TSLCC. Future TSLCC reports
will update the CRWMS baseline. A qualitative discussion of the impacts of an HMPC is
prowded in Section 4.

32 TWRS ALTERNATIVE SCENARIOS

Waste streams that minimized impact on repository capital costs were established for each
alternative scenario. Delivery schedules were generated in discussion with the TWRS program to
develop reasonable cases for evaluation of disposal costs without inordinate or unnecessary
impact to the repository. Additional opportunity for optimization of total defense high level waste
flows can result in capital cost reduction. Further improvement of waste stream flows was not
possible within.task schedule constraints. The schedules for emplacement of waste packages
containing Hanford HLW are shown in Table 3-1.
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3.3 METHODOLOGY
3.3.1 Defense Share Ylethodology

The Nuclear Waste Policy Act as Amended requires full cost recovery from both defense and
commercial users of the repository, with no cross-subsidization of program costs. Commercial
SNF disposal costs are paid from receipts from a ratepayer fee charged on electricity generated
and sold from nuclear power plants. Defense costs are paid from Defense Nuclear Waste
Disposal appropriations, Costs are allocated among program participants according to a
methodology published in the Federal Register (reference 4). This methodology has been applied
to each case to estimate a total defense share for each scenario.

The methodology collects direct costs, allocates certain indirect costs based on piece count and
areal dispersion factors, and then assigns remaining costs based on factors derived from relative
direct and allocated costs. Assignable direct costs are incurred solely for the disposal of either
HLW or SNF and are allocated in total to either the civilian program, defense program, or to
West Valley, Assignable common variable costs are allocated among the civilian, defense, and
West Valley programs by appropriately applying cost sharing factors, piece count, and areal
dispersion to the specific individual cost accounts. Common unassigned costs are the
remaining costs that cannot be either directly allocated or allocated on the basis of the cost
sharing factors described above. Unassigned costs comprise a significant portion of the total
system cost due to high development and evaluation costs compared to construction and
operation.

The methodology was not developed to evaluate extreme variations from the base case such as
the very low piece counts in Scenario 3 or the disproportionately large waste package sizes in
Scenario 4. For these reasons, share allocation methodology may require modification if such
alternatives are pursued, and respective cost shares may change as a result. This bias in
methodology due to application of a method for a point estimate to a significant case variation
tends to understaze costs for Scenario 3, and may misrepresent costs for Scenario 4. A lesser
degree of change also may be required for Scenario 2 to account for change in relative size of
waste packages.

3.3.2 Mined Geologic Disposal System (MGDS) Cost Estimates

Analyses of Scenarios 1, 2, and 3 were able to maintain 95 TSLCC design assumptions for the
repository thermal foading approach and emplacement of HLW waste packages in the space .
between hot SNF waste packages. Scenario 4 requires assumption of development of additional
area(s) at the repository with a low thermal load setting which is dedicated to excess Hanford
HLW. The HLW quantity exceeds the number of available openings in the high thermal load
repository. Detailed engineering evaluations were not performed for this study. Waste package
design verified sufficient corrosion allowances for the defense high level waste packages for



. emplacement in a low thermal setting.

MGDS estimates were developed for each case using TSLCC models adjusted for changes in
throughput capacity and additional underground excavation where required. Waste package
dimensions and cost were developed consistent with the 95 TSLCC and 96 Advanced Conceptual
Design bases, Repository estimates are based on the waste stream shown previously in Table 3-1,
and are consistent with 95 TSLCC assumptions.

3.3.3 Transportation Cost Estimates

New HLW transportation cask designs would be required to support Scenarios 2, 3 and 4. An
estimate has been made of changes required to the FILW cask design used in the 95 TSLCC to
accommodate different size canisters compatible with the Hanford TWRS scenarios. No new
thermal, mechanical, or radiological analyses were performed. The 95 TSLCC assumes a HLW
rail cask with a capacity of five standard LW canisters. The required cask types were scaled
from the notional cask design used in the 95 TSLCC. Capacity of the transportation casks for the
long canisters in Scenarios 2 and 3 was determined as four long canisters each, to meet national
rail transportation system limits, assuming similar shielding as the TSLCC cask design basis
(reference 5). This may be conservative, Design studies to optimize shielding for the low
radiologic activities of HLW may permit a reduction in shielding which could increase the
capacity for long canisters to five canisters. Scenario 4 was based on one very large canister per
transportation cask. Capital costs for alternative casks were estimated based on data for the

BR-100 rail cask. Shipping and related costs were estimated using the same methods as the 85
TSLCC. '

-

3.3.4 Development and Evaluation and Other Program Costs

Development and evaluation (D&E) costs and other program costs were evaluated and are
assumed to be essentially constant for Scenarios 1, 2 and 3. An addition for alternative cask
development was identified for Scenarios 2 and 3.

Significant increases in development and evaluation, and other program costs would occur for
Scenario 4 due to additional repository area characterization and licensing, and significant
extension of waste acceptance and transportation operations. Costs were estimated based on |
notional schedules and throughput rates consistent with the capacity required for the high thermal
loading repository. Estimates are based on 95 TSLCC costs for similar activities associated with
a repository in the primary area, with a high thermal loading setting. Estimates for the new scope
related to the Hanford only repository areas assume cost efficiencies gained from experience
during the first phase of development and operations. '




4. ANALYSIS
4.1 DEFENSE SHARE OF TOTAL SYSTEM COSTS
4.1.1 Results Summary

A summary of defense disposal costs for the TWRS alternatives is shown in Tables 4-1, 4-2, 4-3,
and 4-4. From lowest to highest total system and defense share costs, the alternatives are ranked
Scenario 3, 95 TSLCC Base Case, Scenario 2, Scenario 1, and Scenario 4. Scenario 3 reduces
overall program costs by approximately 30.5B in 1994 dollars. Variation from the total system
life cycle cost ranges from -1 percent to +6 percent for the first three alternatives. Scenaro 4
doubles the total system disposal costs, and shifts the program from a civilian repository that is
less than approximately 25 percent defense to a repository that is almost 75 percent defense on a
total emplaced waste package count basis. ’

4.1.2 Limits of Analysis

Results should support evaluation of alternatives for TWRS but should not be taken as final
estimates of the defense share. The estimates are consistent with the 95 TSLCC. Estimates are at
a scoping level of detail, scaled from TSLCC data and estimated through use of TSLCC models.
Results are not based on engineering studies of the specific alternatives and do not represent
detailed point estimates. As noted in Section 3, the cost sharing methodology is limited in its
application to cases which differ significantly from the base case. In particular, defense shareis .
understated by the methodology for Scenario 3, and to lesser degrees for Scenarios 4 and 2,
respectively. In addition, future TSLCC updates are required to incorporate developing changes
to the CRWMS. Disposal of DOE SNF, accommodation of a variety of utility cask/canister
systems for commercial SNF, and changes in funding profiles are current changes which will have
system impact and will affect costs and cost shares.

4.1.3 Direct Costs

Tables 4-1 through 4-4 provided estimates of total disposal system costs and total defense share
allocations of disposal costs for each scenario, based on a consistent methodology. Defense share
estimates include disposal of all planned HLW from Hanford, Savannah River, and Idaho National
Engineering Laboratory. Estimates of direct costs for Hanford HL.W compared to total defense
HLW are provided in Table 4-5 for use in further allocation of program indirect costs among the
various defense programs. The Federal Register cost allocation methodology estimates total
defense share compared to civilian to ensure no cross-subsidization of defense and civilian
programs but does not address allocations among defense programs.




Table 4+1  Summary of Clvlilan, Dafanss, and West Vallay Allocatlon Scanarlo 1
(tn Milllans of 1954 Dollars)
. COST ALLOCATIONS
T5LCCS5 Scanarla 1 De fta
Cilsgory Datansa wy Clvlitan Tatat Delansa wv Ciylitan Tota! Defanse wv Clvlllan Total
Duvslopman & Evaluation 2,156 46 6.1} 12,50 4,128 40 8,353 12,521 1,372 (6 {1,364 1
Hapaslory § 2,817 a1 1.0m 10,706 4,864 41 1,657 12,566 2,050 0 (280 1.710
Lransporiallen . A4 10 1,846 2,100 667 9 1,828 2,515 233 {1 {8 225
FiPCs B 0 3 5518 5519 1] k] 5515 5519 0 0 0 o0
\Waste Acceptancs 2386 5 1,00% 1.246 m 5 212 1,247 g5 « (E%) 1
FARS A VA - NA
Banafils 109 2 304 i 162 2 254 417 53 {© (52 (o
PETT ) 80 $ 226 W08 s 1 188 308 39 {o (39 ©
lotal 38,432 114 $20,550 $33,006 $10214 $106 $24,112 $35,003 $3,842 158 {$1,838 $1,997
Pearcentage % 19 43% 0 34% 80224 100 00K 19 28% 0230% T0.42% 100.00% 0.84% 004%] -9.80% oD%
Hole; Totaks may not add dus Lo ndependenl founding
.
. .
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Tabls 4-2

{In Milllons of 1934 Dallars)

Summary of Clvillan, Defanss, and Wesi Valley Allacation

Scanarlo 2

COST ALLOCATIONS
TsL.CCas Scanario 2 Delta
Catagory Defanse W Thvllfan Tolal Defansa wv Clvlllan Total Defenisa wv Civillan Total

Devalopmant & Evaluation 2,156 48] 9717 12,520 3,482 52 6,010 12,543 728 5 {108 23
Raposhory 1 2,817 47 1,902 10,796 3,816 56 7.986 11,858 898 g 54 1,081
[Transportation 434 10 1,648 2,200 154 13 1,832 2,598 a0 3 {15 308
IMPCs 0 3 5618 5519 1] 3 5,516 5,519 0 4] o 0
Waste Acceplanca 238 5 1,005 1.246 362 6 879 1,247 126 1 (126 i
FR3 WA NA NA

Banalils 109 2 308 417 134 2 261 417 25 0 (264 (©
PETT BO 1 226 308 §9 1 207 308 19 [4) {19 {0
Total $6,432 $ti4 $26,550 $33,096 $0,646 $133 $25111 §34 490 52,214 $19 {$839 $1,364
Parcantags %4 19.43% 0.34% 80.22% 100 00% 2507 0.39% 74.55% 100.00% 563% 0.04% 5.61% 0.00%

Mole:

Tolals may not add due to Independent rounding
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Yabla 4-3  Summary of Clviilan, Defans e, and Wast Valley Allocatlon Scanarlo 3
{in Mlllons of 1994 Dollars)
COST ALLOCATIONS
TSLCCOS Scanatle - 3 Delta
Category Defanss Wy Clvlilan Tola! “Dafenss wv Clvillan Totat Defansa v Civian Total
Davalopmant & Evaluatlon 2,158 46 97147 §2,520 1,648 57 10,838 12,543 {1,108 1 1121 px]
Raposhory 1 2,847 47 1,932 10,796 1,554 53 8,710 10,326 {1,263 7 187 (410
Transportation 434 10 1,846 2,290 416 16 1,852 2,283 {18 8 5 {7
b pCs 0 3 5,516| 551 0 3 5516 5519 0 ) ) 0
[Waste Accaplance 236 . 5 1,005 1,248 227 9 1.011 1,247 (9 3 6 1
P RS A . NA NA
Banalits 103 2 306 A17 683 2 352 417 {46] 4] 48 {0
PETT ! 80 1 228 308 46 2 260 308 (24 0 34 (©
Total $8,432 $114 $26,550 $33,096 $3,954 $H1 $28,549 $32,643 {$2,478 $21 $1,999 (5453
Percentaga % 19.43% 0.34% 80.22% 100.00% 12.11% 0,434 87.46% 100 00% +1.32% 0.09% 1.23% 0 00%
Noles Share methoddlogy undetstates delanse shara of unaieigned cosls due Jo exlremely low plece counts. Aclualshare wil be highar,

Totals may aot add due lo depandent rounding
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Tabla 44 Summary of Clvlllan, Defansa, and 5:.<.-=.< Allocailon Scanarlo 4
{In Millens of 1934 Dollars)
COST ALLOCATIONS
Ts5LCCos Scanario 4 Dalta
Category Dalansa wy Civlilan Tatal Dafanse wy Clvillan Total Defensa Wy Civillan Tatal
Davalopmant & Evaluallon 2.155 45 87117 V2,520 12,866 ] 3,497 16,389 10,110 (21 {6,220, 3.859
HapotKory 1 2,017 41 1,932 10,796 N 61 5317 34,599 28,404 14 {2,616 25,802
Teantpartation 434 10 1,846 2.2%0 3527 1 1,838 5,379 3,084 4 {9 3,069
bircs 0 3 5,516 5518 o 3 5,516 5,519 0 0 (i} 0
Wasle Acceptance 236 5 1,005 1.248 57 4 498 1,459 21 {2 {507 213
FARS NA MA MA,
Banafits 109 2 306 417 kP ! 64 440 267 {1 (243 23
PETT [-3] 1 226 04 36 ! 1] 30 235 {1 (173 62
Tatat $8,432 $i114 $26,550 $33,096 $49,262 $108 $16,784 $68,154 $42,630 ($6 ($9.766 $3,058
Parcentage % 19 43% 0 34% B0 22% 100 D2% 14 41% 0 6% 25.31% 100 00% 55.03% -0.18% -54.85% 0.00%

Meres;

Scenarlo signdlcantly In excess of reposfory planaing basks Fuquires assunydions which increase uncerainty of eslirate.
Scenailo outside methodokgy vakity for phece counts and dispropoiional w aste packape skze,
Tolals may nol add dus to ndependent rounding
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Tulle 4-5  Summmary of Direct Disposal Costs for TWRS Allernatives (Milllons of 19948)

1995 TSLCC Scenario 1 Scenario 2 Scenario 3 Scenurio 4
Tolal THrect Total Direcl TolalTirect Total Direcl ToTal ITirect

Category Ilanford Defunse Hanford Defense I1anford Defense Haaford Defense Hanford Defense
R eposiory .

W aske packages T3 1344 1708 237 1270 1580} 55 &84 1853 18 pb2

Empheem ent 17 217 267 347 143 254 10 1y 1737 tﬁ}!.q

Shiphgd Securly (1) 123 264 2% 435 204 35 15 155 2241 2382

Cask Punchases ecam . 46 134] 92 181 258 357] 142 231 785 874
{Total Direct 1p21 1951 2,360 3301 1585] 2p25 22 1362 L8168 B75%

(1) Ihcludes 180(c) costs

(2) Totals my not add due ta Indspendant rounding
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.4.2 COST ESTIMATE SENSITIVITIES
4.2.1 Repository

A summary of total repository costs is provided in Table 4-6 for the 95 TSLCC base case and the
4 TWRS scenarios, with a cost breakout by major cost element. The estimates are a subset of the
total system costs shown in Tables 4-1 through 4-4. The values represent total repository costs
for each scenario, without regard to allocation of costs to defense or civilian cost accounts. This
data provides insight into the effect of each scenario on total system costs. For example,
repository development and evaluation is constant for Scenarios 1, 2, and 3, but increases by 52.3
billion (943s) for Scenario 4. The increase is a result of the cost of characterization of additional
area, and associated licensing and development. This contrasts with defense shares of total D&E
shown previously in Tablés 4-1 through 4-4, which vary by scenario, dependent on shanng factors
based on direct and assignable costs discussed in Section 3.3.1, /

Major components of the repository estimate include waste package costs, the quantity of
canisters, surface facility capital and operating costs, subsurface capital and operating costs,
Nevada transportation capital and operating costs, and performance confirmation operations.
Operating costs are driven primarily by years of emplacement. Capital costs are driven by either
requirements for additional area or throughput capacity. Table 4-7 summarizes repository cost
drivers. It identifies cost changes as a ratio relative to the 95 TSLCC for each of the Hanford
TWRS scenarios.

4.2.2 Transportation .
Transportation operations costs are primarily direct costs accrued by specific shipments. The

defense share of transportation operations for the alternatives is most affected by the number of
canisters per transportation cask, quantities of shipments, and cask fleets required to support the

shipping schedule. Mileages are addressed in the modeling of costs but are constant for all
Hanford alternatives.

The defense shares of transportation operations increased by 54 percent for Scenario 1, 74
percent for Scenario 2, and 713 percent for Scenario 4. Scenario 1 had a high number of
shipments but these costs were offset in part by reduced cask fleet costs due to the commonality
of casks for all DHLW., Cask costs increased only 34 percent to support the increased operational
tempo. Scenario 2 had fewer shipments than Scenario 1, but defense cask fleet costs increased
163 percent due to multiple cask types and high system throughputs. Scenario 4 increases are due
to the extremely large number of shipments over a long period of time, and dedicated
transportation fleets. Scenario 4 cask costs increased 549 percent. Scenario 3 costs decreased by
4 percent overall. Savings that resulted from fewer trips were offset by a 67 percent increase in
cask fleet costs due to use of different types for DHLW, There may be approaches to reduce this
tmpact by adjustmg the assumed delivery schedules.
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Table 46 Repository Cost Summary (miilions of 948s}

COSILAEQOly | 1900 | SLLG |DCENAN0 | SCENANG 2] SC2Nano o) SCenano o
alspur&
Performance
Confirmaton 926 926 926 928 1,159
Suriace
Facilites 3,312 3,918 3,774 3,607 7.681
Subsurface
Facilides 2,748 2,897 2,775 2,642 8,491
|Wase
Package 3,876 4,786 ' 4,384 3,133 21,145
{Development
and Evaiuation
(Yucca
Mountain only) 6,532 6,532 6,532 6,532 8,819
otls (1) 17,394 19,054 18,361 16,840 45,295

(1) Totals may not add due to independent rounding
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Table 4.7 Repository Cost Drivers

E SOUrCe Ofwhange M au0
as® Package {scenado/85 TSLCCT])
Unitcostdue o glass pour canisier sizes
Scenario 1 1.C0
Scenaros 2,3 1.41
Scenario 4 1.67
Wastwe Package quanidty variation
Scenarno 1 1.71
Scenario 2 1.40
Scenario 3 0.50
Scenario 4 : 13.69
Surface Facilides
Capimlcosts _
©  Scenarios 1,2,3 1.19
Scenaric 4 128

Operatng labor

Scenario 1 1.2
Scenaro 2 1.15
Scenarno'3 1.08
Scenario 4 2,59

Subsurface Facilifes

Capiuml and operating afieced by excavaton
lengths and was®e package quantties

Scenario 1 . 1.05
Scenario 2 1.01
Scenario 3 0.96
Scenaric 4 2.36
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- 4.2.3 Development and Evaluation and Other Program Costs
4.2.3.1 Scenanios 1,2,and 3

Development and evaluation (D&E) costs and other program costs were evaluated and are
assumed to be essentially constant for Scenarios 1, 2 and 3. The only change identified for
Scenarios 2 and 3 is an addition for alternative cask development.

4,2.3.2 Scenario 4

In Scenario 4, repository D&E would increase to characterize additional repository areas required
to accommodate excess Hanford HLLW which can not be emplaced within the primary area.
Characterization is assumed to start in 2026, followed by license application in 2032 and
construction authorization in 2035. Costs are assumed to be approximately 50 percent of 95
TSLCC costs for characterization and licensing of the repository primary area. Repository
surface operations and emplacement, along with supporting transportation and waste acceptance
operations, would continue 35 years after completion of emplacement of all commercial SNF and
other HLW. Allowing for a caretaker period ending 50 years after start of emplacement in the
additional area, program duration would be extended from the 95 TSLCC case completior in
2071 to closure and decommissioning in 2102.

Other D&E, waste acceptance operations, and other program costs were adjusted to the increased
scope. These activities also assume efficiencies over similar activities in development of the initial
repository primary area, and make adjustments for system simplification since there is only one
source of wastes to be disposed of in the Hanford HILW only period of operations.

4.3 EVALUATION OF ALTERNATIVES

The following identifies quantitative and qualitative discriminators for the scenarios determined in
the course of this cost analysis for each alternative. This analysis does not take in to account
other additional wastes such as DOE SNF which may be required to be emplaced in a repository,
or potential variation in HL.W canister quantities from other sites. Technical feasibility and
environmental effects of disposal are not within the scope of this study and are not addressed.

4.3.1 Scenario 1

Scenario 1 significantly increases the quantity of HLW waste packages over the 95 TSLCC base
case. The 95 TSLCC design approach of emplacing HL.W waste packages in spaces between the -
higher thermal output SNF packages requires matching the incoming HLW and SNF waste
stream. A disadvantage of this alternative is that it requires an efficient use of most available
spaces between SNF packages. Defense HLW waste packages fill approximately 74 percent of
the available spaces between SNF waste packages in the period from 2015 through 2040. This

18



. could limit growth capacity in the primary area of the repository. This analysis also does not take
in to account other additional wastes such as DOE SNF which may be required to be emplaced in
a repository, or potential variation in HLW canister quantities from other sites. For these reasons,
this alternative could compete with other wastes being considered for disposal. A more efficient
(lower quantity of HLW packages) utilization of repository space would be preferred. This
alternative is ranked third in terms of overall cost.

4,3,2 Scenario 2

Scenario 2 is closest to the base case in terms of the number of canisters and repository
utilization, given Hanford expectations of higher glass production identified in reference 1 (14,260
m® vs. 6,100 m?® assumed for TSLCC). Itis a cost effective alternative and is compatible with the

design concepts utilized in the 95 TSLCC. Some modification to cost share methodology may be

required to account for disproportionate changes in waste package size, however the
methodology bias is much less than for Scenario 3.

4.3,3 Scenario 3

Scenario 3 is a favorable alternative from standpoint of maximizing the efficient use of repository
capacity. This alternative has the lowest overall defense waste disposal cost, and reduces total
disposal program costs slightly. The cost sharing methodology requires modification to achieve
legal requirements for full cost recovery as noted in the discussions in Section 3.3.1 above. The
low piece counts of this scenario fall outside the validity of the computational method. Following

such adjustment, costs for this alternative would increase, however this would still be the lowest
cost alternative from the standpoint of disposal.

4.3.4 Scenario 4

Scenario 4, a no separations alternative, is not preferred from a disposal standpoint. Scenario 4
far excesds other altematives in total costs for disposal. This alternative requires substantial
disposal area beyond what is being characterized by the Civilian Radioactive Waste Management
Program. Scenario 4 would require characterization of secondary areas in addition to the primary
area being characterized, suitability determination of the area, and associated licensing of a
Hanford only section of the repository. It would require an alternate thermal strategy from that
being planned for the repository. Seventy six percent of the Hanford wastes would require
emplacement in the additional areas in a low thermal setting, following emplacement of the first
twenty four percent of the Hanford HLW and all other HLW with 2ll the available SNF in a high
thermal setting in the primary area of the repository. This would require a license update for
additional area in an alternate thermal setting. The requirement for both high and low thermal
loading areas in Scenario 4 would complicate the licensing process. This is in contrast to the 95
TSLCC assumption of emplacement of all HLW with SNF in the primary arez in a high thermal
loading setting. Excess quantities of Hanford HLW may exceed available areas in the repository.
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. Disposition of remaining HLW would not be decided until DOE makes 2

recommendation on the need for a second repository, required by the NWPAA to be in the period
from 2007 to 2010.

The cost sharing methodology may require modification to achieve legal requirements for full cost
recovery as noted in the discussions in Section 3.3.1 above. The very high piece counts and large
relative size of waste packages in this scenario fall outside the validity of the computational
method. Further, uncertainties due to Scenario 4 assumptions may result in delays which could
require prolonged on-site storage of excess canisters at Hanford. Uncertainties in assumptions
also may increase disposal costs for this scenario.

4.4 QUALITATIVE IMPACTS OF USE OF HANFORD MULTI-PURPOSE CANISTER
4.4.1 Repository ’

Use of an HMPC which satisfies disposal requirements would result in a small cost saving at the
repository for Scenarios 1, 2, and 3. In each case, HLW canisters are already planned to be
disposed of in waste packages containing 4 canisters each, as is planned for the MPC. An HMPC
would simplify surface facility handling operations. Repository cost savings would be small if
any.

4.4.2 Transportation

The FHIMPC being considered in'current TWRS planning is most analogous to Scenario 2 in this
analysis. Use of an EMPC would have negligible effect on transportation for Scenario 2, which
assumes a HL.W transportation cask with a capacity of four long canisters each, Shipping costs
would be reduced slightly due to a lower empty weight for return shipments because any basket
structure to hold the canisters is part of the FIMPC. Cask capital costs would be lower due to
-absence of the basket structure and reduction in shielding thickness to account for shielding
provided by the HMPC canister wall,

The efficiency of an HMPC for Scenario 3 would depend upon the availability of suitable casks
required for other purposes. Acquisition of dedicated casks would not be cost effective.

Use of an HMPC for Scenario 1 would require development of alternative transportation casks if
not developed for other requirements, and would increase the number of shipments by 25 percent
due to the capacity change of five canisters per cask to four,

An HMPC would have no effect on transportation for Scenario 4 since these very large canisters
- would be transported one per cask and there is no basket in either case.
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United Statss Government , ' Department of Energy

memor a N d um . ) ' Richland Operations Office

ore JUN 07 1998

REPLY TO
ATTN OF:

SUBJECT:

Qs

WDD:PL 396-WDD-069

REQUEST FOR REPOSITORY DISPOSAL FEE ESTIMATES FOR THE HANFQRD TANK WASTE
REMEDIATION SYSTEM (TWRS) ENVIRONMENTAL IMPACT STATEMENT (EIS) .

Ronald A. Milnar, Director
Office of Program Management
and Integration, RW-30, HQ

Raferences: 1. Office of Civilian Radicactive Waste Management Report,
*Analysis of the Total System Life Cycla Cost of the
Civilian Radioactive Waste Management Praogram," DOE-RW-
0479, dated Saptember 199S.

2.  Memorandum from R. A. Milner, HG, to J. Kinzer, RL,
*tvaluation of Hanford Longer High-Level Waste Product
Canister Option for Acceptance by the Civilian
gaggcactive Waste Management Systam," dated Aprii §,

9 L

TWRS ur?ent1y raquests suEport‘frum RW concerning the estimated costs for
dispasal of defensa High-Leval Waste {HLN) from Hanford in order to
complata the final TWRS EIS. Disposal costs in the draft TWRS EIS were
initially sstimated by extrapolating data from Referenca 1.

In order to address recent comments on the draft EIS, more rigorous cost
estimates based on application of RW's dispesal cost methodolog{ ara needed
for four TWRS alternative scenarios, which are defined in Attachment 1.
Thesa scanarios include uss of a fiftean-foot long canister (Reference 2},
as well as incorporation of the results of 2 recently completed i
grobabi1ist1c estimate of the quantity of borosilicata glass expected from
hae raefarenca HLW grgtreatment and vitrification procasses, Attachment 2
provides additional technical data, requested by your staff, to assist them
in evaluating thesa scenarioes.

The scheduled date for release of the TWRS EIS is July 31, 19956. To
achieve this date, the revision must be completed by June 28, 1996. Based
on recent discussions with members of your staff, it is our understanding
that RW couid €rovide informal input for-the four scenarios by June 18,
19%6. A formal, referenceable memorandum summarizing the estimates should
be_transmitted by June 21, 1996, These datas ars tha latast that will
aléowft3e1TWRS Program to meet the schedule for {issuing the TWRS EIS by the
and of July,

Choon Quan of your staff has advised us that RW contractor staff are
available to respond to this request. Tt is understood that RW is willing

to procaed with this study pending satisfactory resalution of funding
considarations.



Juil &0 P9 UGBTI Bt LS

Ronald A, Milner ~2- .
96-W0D-068 '

Thank you very much for your prompt consideration of this very important
request. If you have any questiens, g]ease contact me on {509) 378-7581 or
Phi] E., LaMont of my staff on (509) 376-8117.

CRIGINAL SIGNED BY

Jackson Kinzer, Assistant Manager
0ffice of Tank Wasis Remediatiun Systam

Attachments (2)

cc w/attachs: : .

Cowan, EM-30 ;
Harms, EM-38

Hunemuller, EM-38

Myler, EM-38

Conner, RW-35

Carlson, RW-37

Gambera. RW-37

Quan, RwW-37

. Rousso, RW-40

bee wéattgchs:
WOOD OFF File

WOD Rdg File

RMIC File

P. LaMont, WDD

C. Henderson, Jacobs
E. Gibson, TRW
[

-

oGO OX—4n
- . - - [ - L]

. Mayer, TRW
. Schaus, WHC
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Attachment 1
~Page 1 0f 2

DEFENSE WASTE DISPQSAL FEE ESTIMATES NEEDED 8Y HANFORD FOR THE
TANK WASTE REMEDIATION SYSTEM ENVIRONMENTAL IMPACT STATEMENT

Tha Hanfard Tank Waste Remediation System (TWRS) program is on an aggressive
schedule for complation of its Environmental Impact Statement (EIS) for the
disposal of Hanford's tank wastes. In order to completa the required .
definition and evaluation of majer altarnatives, preliminary estimatas of the
repository fees {or defense HLW disposal for the four (4) scanarios dascribed
balow are needed by 6/14/96. An approved raferencaable memorandum
transmitting these disposal fee estimates is needed no later than June 21,
1996, :

RW has provided a basaline allocatad cost estimate for disposal of 18,048
defansa HLW "standard® 0.81m x 3.0m (0.62 m) canisters in 2 single repesitory
as reportad in DOE/RW-0479, *Analysis of the Tatal System Life Cycie Cost of
the Civilian Radicactive Wasta Management Program®. Starting with the TSLCC
as a baseline, TWRS is raquasting allocatad defansa HLW disposal fee estimatas
for the following scenarios as summarized in Table 1:

Scenarig 1: Increasa the estimated number of *sitandard" canisters for Hanford
from 9,860 in the TSLCC to 23,000, which reflects current ;udgment
of the most procbable quantity of immobilized HLW (14,000 m”) for
the veference “enhanced sludge wash™ process,

Scenario 2: Assume 12,200 "long” 0.61m ¥ 4.5m canisters (1.17 m;) for the most -
probable quantity of Hanford's HLW as described in Scenario 1.

Scenario 3: Assume 530 *long” canisters for 620 m° of HLW rasulting frem
Yextensive saparations” pretreatment procass. ’

Scanarig 4: Assume 353400 "very large" 1.68m x 5.03m canisters (10 m?) for
364,000 m” HLY produced without any pretrsatment. ‘

Since tha TSLCC {ncluded Multi-Purpese Canistars for commercial Spent Nuclear
Fuel and for West Vallay's HLW, but not for defense HLW, this cost component
should be ratained for the above calculations in order to ensure comparability
with tha TSLCC report. [f the MPC cost component is not refained for the -
ﬁgguested calculations, Table 7-1 in the TSLCC should be updated to deleta the

The draft TWRS-EIS {s basad on placing the HLW canistars in a "Hanford Multi-
Purpose Canistar® (HMPC) for intarim onsite storage and transfer to RW for
disposal. Recognizing that defensa HLW canisters were not placed in MPCs {in
the 13895 TSLCC, AW is requestad to comment qualitatively on the disposal fees
impact, 1f the HMPC concapt were to be used. (NOTE: Cost of the HMPC is
currently included in the cost of waste treatment at Hanford.)

It is raquested that the disposal fee estimates be reporta& similarly to the
¥SL%Cb?ase case shown in Table 7-1 of the TSLCC report and summarized as shown
n Table 1.
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Page 2 of 2
TABLE 1 - REPOSITORY DISPOSAL FEE EVALUATION MATRIX
Canister Pretreat Volume o Mumber of | Yotal No. | Total Altocated
Size Process Glass, " | Hanford of DilLY Reposi- DHLW
_ Canisters } Canisters | tory Cost | Share
Base Case | 0.61m D X | ESW! 6,100 9,860 - 18,046 $33.1 B | $6.43B
(RH-0479) | 3.0 m :
2 R R
Seenario | 0.61m D X | ESW 14,260 23,000 31,186 Wil p] fu‘b,g L
#1 (most {3.0m : _J,};;fif.} it
probable _ L ,g' ﬁ _{é}l
volume) ke
T R T
Scenario 0.6Im 0 X | ESH 14,260 12,200 20,386 T Jﬁ’*ﬁ'
#2 (long | 4.50m : : ] ‘~§3-':§. ,ﬂ
capister) i llint
Scenario | 0.61m D X | Extensive | 620 530 8,716 ;ﬂ;ﬁgﬁ
| #3 .50 Separz- !
(minimum . tions . gj' i
volume) ,hdﬁ.f
Scenario | 1.68m D X | Ho ‘364,000 - | 36,400 44,586 bl
#4 (very | 5.03m Pretreat- i
large ment® N
canister)

' Enhanced Sludge Wash {Caustic Leaching)--TWRS Technical Baseline for pretreatment of HLW sludges

2 This value was judged to be the most probable volume of glass produced using the current THRS flowsheet

(memo, Taylor/iang to Distribution, 4/29/96)

3 Extensive Separations--Alterpative pretrEatmént pracesses for HLW waste sludges
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Attachment 2

Page 1 of &
TECHHICAL DATA TO SUPPORT DISPOSAL FEE CALCULATIONS FOR TWRS-EIS -
Outer Diam.,m | Length, m Wall thick- | Homina) Tatal Annual h
. ness, cm Glass Houinal Production -
. Volume, nc Veight,kg | Rate, # of
' ) canisters
DWPF standard ~ D.61 - 3.00 1.0 0.62 2,200 15000"
canister
TVRS standard 0.61 : 4.50 1.0 1.17 3,700 a00!
canister . :
‘ _ 752
TURS “very 1.68 5.03 2.5 10.0 29,700 2,200%
large* canister . _

The totat thermal output fron all Hanford usste Iz 930 tM, {ndexed to Decasber 2021 and asauming that the Cx and Sr capsuls inventorics are included”
in the glass. For purposes of svaluating the four (4) scenarfos, it should be assuned that the thernal output §5 uniformly distributed among the
aeber of canlatera associnted with sach acenario, e.g. 1.8 K per canfster for Scepario 3.

The total muivalent Hetric Tons Hoavy Hetal (eTiM) for atl Hanford tonk uwaxte is eatisated to be 2,400, using the proﬁggd methodoiogy for
calculating cquivalency that 1s described fn DOE-RL/B7-04.  Agaln it sheuld be assumed for purposes of this exerciss, that the ENIIH are uniformly
disteibuted ssang the mubier of canistars assoclated uith each scenario, a.g. 4.9 oMl per caplster for Scenario 3. .
1 ﬁ;rlscmr[u 1 and 2, the full-scale (Phasa 11} production rates n:-- based on an {nstantsnscus meltar capacity of (2 Wifday at 60X total operating
efliciency. ' :

z for Sconirfio 3, the production rata ix hated on an Imlaxtm malter rate of 1 HT/dsy and a 50X TOE.
3 for scenario 4, the fult-zcale {(Phase 10} procksction rate o batad on sn Instantantous melter rata of 240 HI/day and s 60X TOE.

full-xeale production (Phase 11) of HLY plass at Benford s schedulsd to start {n 2013 and {s to be conpleted no Later than 2028 (Tri-Party Agreefisnt
milestone). Por earlier Information from RU (Brandt, July 199%), Hanford'a KLW csaisters could be shipped atarting in 2022 xt a wax]un rare of 800
canialers per yoar. However, the current planning base for the 1URS progran {s ta pravide interism on-ujte storage for all of the HLU canisters,

oE c3 W, r

Ehe=lr}
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HLW Conc Data TWRS EIS

Intermediante Separations Base Case (6/3/96) l
Scengrio 2 based o 12 200 Loog Canisters (1.17 :"3)
chrin 2
Curics/1. 17 m™3
Radinmclicls canisler
loventoary pluss
Ci/m™3
Am-241 - }.3804 02 1.711B4-00
Am.243 441102 2.47TH-03
CC-d

Cim-244 1.5211-01 4.550.03

Ci-135 1,928-01 1.16E-(02

Cs-137 4,631 (4 2.85B403

1-129

Ni-f3 5.58R+ 00 2.1 6B-+01

Np-137 9.38-M 5.00B-03

Pu-238 1.428+00 8.488-02

Pu-239 3.46B+01 2018400

Pu-240 8.7T7B+400 5.17E-01

Pu-241 9.828+-01 6.028 100

Ra-126 ’ 1.56B-10

Ru-106 5.008-05 2.93B-06

Sm-151 5.09E4+01

Sn-126 . B.24B-01 3.86E-(2

S¢-00) 7.058404 4328403

Tc-99 4. 4B4+01 4 .BEB-01

Th-230 5.14B08 3.16B-09

u-133 2_438-08 5 25807

J.234 - 446807 1.62E-05

u-235 ' 6.32B-02 1.628-08]

Zr-93 3.)6B-01

Tolal (1n3) L43R4-04

Note: Ouries from decay daughler products not incuded
Radlormclides reflect decay to 12/31/99
|

At achmendt X7
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HLW Conc Data TWRS EIS

Exfensive Separations allernatlve (6/3/96)

-

|

Aﬂ‘a_chwm’f L
fagc 3 '} 5

T

volums based on 530 Yooy canfulers at 1.17 10”3 {620 "3 of ILW)
Sceoarfo 3
_ Dxlensive Tgpmuma Data Packsge valus
Radionuclids Inventor [HEW Glass Curdet/[.1Tm"3
Base Casc {A-1) canisler
ICci/m3

Am-241 1.6TR+02 1.968-+02
Am-243 5.358-02 6.260.02
C-14 o
Cm-244 1.84R-01 2.158.01
Cs-135 - 2.328-01 1. 72B-01
Cs-137 5.628404 6.578+04
1-129 .
-3 6.78B-00 7.938-+00

Np-237 1.328-01 1.318-0)
Pu-212 1. 2B-+00 2.018 400
Pu-239 4 200401 4.91B40)
Fu-240 1.06B4+M 1.248+01
Pa-241 1.198+02 1.308 402
Ra-224 4 328-1D 5.05B-10
Ru-104 £.061-05 7.00B-05
Sm-151
Sn-126 < 1.00B 400 1,178+00
Sr-60 8.56R ¥4 1.00B-+05
Te-99 5.148-i 01 &£.0NE+01
Th-220 §.24B-08 7.30B-D8
U-233 2.94B-08 3.4411-08
1J.235 5.261-05; 6. 15805
U-233 1.228-03 7 1.43H-03
793 1.678-0 8.98E-(2

o tutal m3 £.200 + 02
Radinnuclides refloct decay lo 12031109
Nots: Curies from decuy prod. sol inclnded
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Atfachiment I

HLW Conc Data TWRS EIS page 4 ot 5 Yol
. ) ] ¢
Intermediante Separations Base Case (6/3/96) :
Seenarlo | based on 23 000 std size canisters of HLW t
Seenarlo 1
Curits/0.62 m3 {
Radioouctide LW canister ;
Tnveatory lass {
Cl/m"3 {
Am2d1 6.598+00 4.098+00 :
Am213 2.118-1 ~ 131E03 :
C-14 : ) ' J
Cm244 380003 2.41H03 . ) :
|Cs-135°  939R-M ) 6.138.13 ’ . :
Cs-137 2.4{B1-03 1.51E403 t
1-129 - ' - . !
Ni-63 1858401 1.14B+01
Np-237 .. 4.35E-03 2.70E.03
Pu-238 125002 4.50E8-02
Pu-139 1.71B+00 1.06B-+0D g
Pu-240 ) 447001 2.7AR-01 :
Pu-24] . 5.14R+00 1, 198400
Ra-226
Ru-£06 2_501.06 1.558-06
$n-151 435801 1.70R 401
Sn-126 3.300-02 2.04E-02
Sr-20 3.69114-03 2.29R+(3
Tc A9 415801 T 2.571R01
Th-230 2770809| | 1.688-09
u-233 T91ED7 4.900-07
U-234 1.381.05 8. SRE-06
U215 - L3BBM| | ¢ 3.38814
20-93 2.702.01 1.68E-01
Tolal {n13) 1430404
Note: Ceries from decay dangliter producis not inchded ' T
Radiopoclides reflect decay o 1231 .
I

crewr . REPWSTLD.XLS LW conceneatiog dala
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HLW Conc Data TWRS EIS

No Separations Aternative (6/3/96) |

20 wi% sodiun oxide loading, 1.5 blending factor

Vitrilicadion Scenarlo 4
Radioguclide
.Concentration Curics/10 m*3
Curics /in"3 canisier

Am-241 2.861-01 2.86R-+00
An-243 9. 12R-05 9.12B-04
Cmi-244 3.240-04 3,24H-03
Cs-137 9.581 +01 9.58B+02
Ni-63 71.308-01 7.398+00
Np-237 ' 1.918-04 1.918-03
Pu-238 2.97B-03 2.97B-02
Py-219 7.258-02 7,258-01
Pu-240 1.84B-02 1.848-01
Pu-241 2.06B-01 2,068+00
Rn-106 1.04B-07 1.04B-06
Sm-151 1.738+00 1.738+01
Sn-126 1.728-03 1.728-{n
Sr-90 1.208+02 1.208+03
Tc-99 B.81R-02 B.81E-01
1J-233 3.32B-08 3.32B-07
U-234 5.828-07 5.82E-06
U-235 5.66R-05 5.66E-04
U-238 1.328-03 1.32E-(2
Zr-93 1.08B-02 1.08E-1
Total (m13) 3.648+4-05

Radiouuclides reflect decay to 1231799

Note: Cuies from decay danghter products not included

Attachmeed 4
Pu,; {)- Of- 5
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